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Summacy: The results of land treatment with olive oil mill wastewater ( pH 4-5, E.e. 7-11 
dS m- 1, COD 61-84 g L-I, BOD 24-40 g L-I, Kjeldahl-N 166-275 mg L-l, P 150-180 mg L-I, 
K 4.0-4.6 g L-I and Na 600-800 mg L-I) are reported. For loading rates lower than 500 L m-
2 year- I, high removal efficiencies and no effects of the treatment up to 1 m soillayer were 
obtained. 
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INTRODUCTION 
The production of olive oil in Andalucía (S-Spain) is ca. 20 % of the total production in the 
Mediterranean region. At the same time the olive oi! processing industry produces 1-2 L of 
wastewater per kg of oil: more than 2.106 m3 per year during the last 4 years, which is 
equivalent to the pollutíon generated by 11. 106 inhabitants. The disposal of olive oil 
wastewater (OOW) is a problem beca use of its high organic load (BOD lO-lOO g L-I, COD 
40-200 g L-I) and salt content (E.e. 8-22 dS m- 1) l 
Olive oil wastewater (OOW) is kept in evaporation ponds, which can produce pollution of 
the ground water, strong smell, appearance of insects and other nuisances. On the other 
hand, in high yield years pond capacities are insufficíent. Land treatment is an alternative 
disposal procedure especially for small factories which cannot afford more expensive 
treatment methods2 
Removal efficiencies when OOW was infiltrated through containers filled with soil, and soil 
properties after treatment in the containers ami in an experimental plot, were determined 
to establish safe treatment practices. 
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MATERIALS AND METHODS 
Container trials 
Lópcz etal. 
Three containers (l m x 1 m x 1 m) were placed in Mancha Real (container 1) and Baeza 
(containers 2 and 3), both towns in Jaén Province, the most important olive oil producing 
region in Spain. The containers were filled with local soils, whose properties are listed in 
Table 1. Soil ol' container 3 was compacted and covered to reproduce subsoil conditions. 
The OOW was infiltrated through the containers at loading rates shown in Table 2. The pH, 
E.C, COD, BOD, N, P, K, and Na were analyzed in input and output liquids of the 
containers according to APHA methods3, in order to determine removal efficiencies ol' the 
soil. Soil pH, E.C of the saturation extract, soluble salts and O.M. were analyzed in 
samples taken before and O, 90 and 120 days after the treatment, in accordance with 
Spanish Official Methods4. Exchangeable bases and CE.C were analyzed in the same 
samples following Tucker' s procedure5. 
Table 1. Substrate description of the containers. 
Container I Containers 2 and 3 
pH (water) 7.3 7.3 
CaC03 % 39 42 
O.M. % 1.34 0.78 
E.C dS m- I 3.72 0.90 
CE.C cmolc kg- I 16.9 20.1 
Texture c1ay clay 
Table 2. Treatments. 
Cont. I Cont. 2 Cont. 3 
OOW loading L m-2 1000 530 264 
Source Pond Factory Container 2 
Addition started 01/04/90 18/12/91 30/12/91 
Addition ended 16/06/90 17/05/91 30105/91 
Plot tríals 
In an experimental plot, described in Table 3, 406 L m-2 of OOW (input wastewater. 
container 2, Table 4) were added by sprinkler application from 19/12/91 to 25/3/91 at an 
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average rate of 5 L m-2 per irrigation day. Soil samples were taken at several depths before 
and after the OOW addition. 
Five months after the OOW treatment, the soil was ploughed and samples (O-50 cm) taken. 
These samples were used for germination tests: soil was placed in pots (5 replicates) of ca. 
300 g in which 20 seeds were sown. Seedling emergence after 5, 6, 7 and 8 days and stem 
and root length after 8 days were measured. Results were compared with those obtained 
for untreated soiL 
Table 3. Physiographical description ofthe experimental plot 
Location: Baeza, Jaén. South of Spain. Guadalquivir fiver Depression 
Size: looo m-2 
Geology: Medium Myocene 
Carbonate-rich sediments alternating with sandy formations in more 
than 100 m thickness. 
Soil: Anfisols order with profile A/BtlC 
Texture: 25-34 % sand 
33-29 % silt 
42-37 % clay 
Porosity: 27-38 % 
Permeabilíty: K~1O-5_\O-7 cm 5- 1 
H ydrology: Dry materials were found up to 6 m. depth. Water table 
below 100m with protective stratum of impermeable material 
Topography: Slope, 2 % N-S. 
RESULTS AND DISCUSSION 
The removal efficiencies when OOW was infiltrated through containers are shown in Table 
4. The removal efficiencies for container 2, in which 530 L m-2 of OOW were added, were 
ca. lOto 40 % greater than for container 1, in which 1000 L m-2 were added. A soillayer of 
2 m (container 2+3) removed D.M., N, P, and K almost completely and much of Na. 
Similar removal efficiencies are reported in the Iíterature6 but for greater soil depths. In 
addition to this, the water balance of the experimental plot 7 showed that for the first year 
of addition a soillayer of 1 m was able to absorh 423 L m-2 of OOW. In view of these facts 
doses of ca. 500 L m-2 per year in hiennial plots are recommended in order to permit drying 
of soil before the next addition (experiments are currentIy in progress). 
After the end of OOW treatment, containers (l and 2) were exposed to rain water. Figures 
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l and 2 show O.M.,E.e. and exchangeable K (Kx) evolution wilh time in O-50 and 50-100 
cm layers of container l (high OOW dosel and show the downwards movement of the 
OOW components. An increase of the three parameters in the two layers was observed just 
after the addition. The O.M. added wíth OOW was quickly decomposed and after 90 days 
the original level was restored without evidence of downwards movement. The Ee. and 
Kx decreased in the upper layer and simultaneously increased in the lower, showing a 
downwards movement of salts. The exchangeable-K was partially replaced by Ca from soil 
carbonate dissolution though the initiallevel was not restored. 
Table 4. Removal efficiency. 
CONTAINER I CONTAINER 2 CONTAINER 3 
INPUT REM. INPUT 
OOW EFF.% OOW 
pH 4.46 ).92 4.04 
E.e. dSlm 10.90 8.0 7.98 
COD gIL 61.4 56.8 84.3 
BOD giL 23.9 49.9 34.0 
N mg/L 165.0 58.3 275.0 
P mg/L 171.0 87.7 174.0 
K giL 4.55 78.4 3.90 
Na giL 0.70 38.9 0.80 
Underlíned numbers are pH of output liquids. 
Table 5. Seedling emergence 
OOW-treated soil 
U ntreated soil (control) 
Day 5 
92 a 
85 a 
Table 6. Root and stem Iength 
OOW-treated soil 
U ntreated soil 
Stem length (mm) 
62.7 a 
75.0 a 
REM. 
EFE % 
5.80 
15.7 
70.1 
58.8 
89.1 
97.1 
95.6 
78.0 
Day6 
96 a 
lOO a 
INPUT 
OOW 
5.80 
2.51 
0.35 
0.02 
6.00 
0.46 
0.03 
0.06 
Day7 
96 a 
lOO a 
REM. 
EFE % 
6.68 
68.5 
99.6 
99.9 
97.8 
99.7 
99.4 
92.0 
Day8 
96 a 
100 a 
Root length (mm) 
57.0 a 
57.7 a 
*Values followed by the same letter in the same row do not differ significantly (P<O.05). 
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Figures 1 and 2. Evolution 01 O.M .. E.C. and K exchangeable with time alter 
OOW application in the O-50 and 50-100 cm h'l.yers respectively 
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Figure 3. Exchangeable bases in Baeza plot 
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Figure 4. Soluble salts in Baaza plot 
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Figures 3 and 4 show the evolution of exchangeable bases, E. e. and cations in saturation 
extract of plot soil samples taken at severa] depths after the OOW treatment. No effects of 
treatment up to I m soil depth could be observed. The greatest differences appear in the 
first 10 cm where exchangeable- and soluble-K showed a large íncrease,and exchangeable-
Ca a weak decrease (due to its substitution by K) correlated with the increase of soluble-
Ca. The same behaviour but less marked was observed for the 10-50 cm soillayer. Similar 
resuIts for Cax and Kx were observed in OOW-polluted soils8. 
The germination of ryegrass (Lolium multiflorum Lam cv. Barwoltra) seeds in OOW-
treated and untreated (control) soils and the root and stem length are shown in Tables 5 
and 6 respectively. The treatment affected neither germination nor seedling emergence. 
Similar results were observed when carbonate-rich soils were treated with vinasse and 
OOW-derived compost9,1O. The low effects of salts on germination in these soils are 
attributed to a neutralizing action of calcium, which suggests the possibility of cultivating 
land between years of treatment. 
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